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(54) Title: MULTILAYER EMITTER ELEMENT AND DISPLAY COMPRISING SAME 

(57) Abstract 

A field emitter element (10) comprising a 
bottom layer (14, 15) of material shaping the 
overall emitter element (10), and a top layer (16, 
17) of low work function material or otherwise 
of high electron emissivity characteristic. The 
low work function top layer (16, 17) preferably 
is shaped to a sharp point. The bottom layer 
(14, 15) may be formed of a material such as 
tantalum, molybdenum, gold, or silicon (or alloys 
thereof), and the top layer (16, 17) may be formed 
of a material such as Cs, Cs2, CrSI2, Nbs2, Nb, 
C203 or SiC. In a specific aspect, at least one of 
the first and second emitter materials is chromium 
oxide (C203). In another variant, the first emitter 
material is an insulator of leaky dielectric, e.g., 

SiO with a 10 - 60 % C by weight based on the weight of SiO, and the second emitter material is SiO+50-90 % C by weight, based on 
the weight of SiO. 
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Multilayer Emitter Element and Display Comprising Same 

CttOgS-REFFttFJVCF TO PFL^TFTl APPLfC AXTOM 

The priority of United Scares Provisional Patent Application No. 60/004606 filed 
September 29, 1995 is hereby claimed. 

BACKGROUND OF TBI TNAHF NTION 
Field «f the Indention 

This invention relates to a multilayer field emitter element and to a display assembly 
comprising same. 

Description of the Related Art 

In the fabrication of field emitter devices, wherein cavities are formed in a base strucmre 
comprising a gate electrode member circumscribingiy overlying the cavities and the emitter 
tip elements are formed in the cavities by suitable deposition of emitter material, the excess 
emitter material employed to form the tip elements must be removed from the gate layer in 
order to open the cavity and expose the emitter dp element for its subsequent use as an 
electron emitter when the tip element therein is energized by imposition of a potential 
difference thereon. 

In such fabrication, the deposition on the gate of the emitter material during formation of 
the emitter elements can impose on the gate significant stresses which may in some 
i n st a nces resulting in cracking, propagation of stresses in the strucmre of the field emitter 
article which may damage the strucmre or components thereof, or causing the subsequent 
liftoff of the excess emitter material disproportionately more difficult. Materials which 
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might otherwise overcome such mechanical and morphological difficulties are typically 
unsatisfactory or less desirable as emitter element materials of construction. 

There is therefore a need in the an for an improved emitier fabrication and materials which 
overcome the aforementioned difficulties. 



SUMMARY OF THE PRESFNT T NVENTTO* 

The invention in a broad aspect relates to the use of an emitter structure comprising two or 
more sequential layers, in a construction which minimizes the susceptibility of the gate to 
stress and cracking prior to liftoff of the excess emitter material, while still providing a 
highly emissive sharp emitter tip. 

In one embodiment, the invention comprises a fieid emission emitter eiement comprising a 
lower layer of material which is employed to shape the overall emitter element, and to 
reduce stress in the gate liftoff layer, and an overlying layer of low work function material 
which renders the emitrer less susceptible to adverse ion bombardment effects resulting 
from subsequent ion etching typically practiced in the formation of the field emission 
structure comprising the emitter element. The low work function layer overlies the lower 
layer, and may be contiguous in relation to the lower layer, or may alternatively be arranged 
with an interposed dielectric layer or other material layer between a top low work function 
material layer and a bottom emitter material layer. 

The low work function layer in the emitter structure of the invention is an integral structural 
moiety of the emitter, not simply a coating on the emitter element. In the present invention, 
the top layer of low work function material is shaped into a sharp point, rather than the 
blunting which otherwise would occur when an emitter tip is coated with a low work 
function material. Thus the low work function material layer is significantly thicker in the 
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vertical direction at the central axis of the emitter, at the upper tip portion of the emitter, 
than it is ar lower sections of the low work function material layer (downwardly and 
radially outwardly from the central axis of the emitter). 

Another aspect of the invention relates to a field emission emitter element comprising a 
bottom layer of a first emitter material and a top layer of a second emirter material, 
optionally with other layers between the bottom and top layers, wherein one of the first and 
second emitter materials is chromium oxide (CnQ^). 

Various other aspects, features, modifications, and embodiments are contemplated within 
the scope of the invention, including the illustrative embodiments disclosed more ftiUv 
hereinafter. 

DESCRIPTION OF THE DRAWING 

FIGURE 1 is a schematic side eievarionai section view of an emitter according to one 
embodiment of the present invention. 

FIGURE 2 is a schematic side eievarionai section view of an emitter according to another 
embodiment of the present invention, 

FIGURE 3 is a schematic eievational view of a portion of a flat panel displav device 
utilizing a composite emitter structure of the present invention. 

DESCR rPTTON OF THE INVENTION 1 A, VP PRE FERRED EMBODIMENTS 

ASPECTS THEREOF 
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The present invention is based on che discovery char field emitter device structures may be 
advantageously fabricated by constructing the emitter elements of a multilayer composition, 
with differing materials in the respective layers, to achieve significant structural and 
operational advantages over prior an emitters of unitary homogeneous composition and 
construction. 

In one aspect, the invention relates to an emitter element comprising a bottom layer of a 
material which in deposition on the gate of the emitter device structure serves to minimize 
stress and cracking of the gate prior to liftoff removal of excess emitter material, and a top 
layer which is fabricated of a low work function emitter material resistant to adverse ion 
bombardment effects, and sharpenable to a sharp point at the upper terminus of the emitter 
element. 

In another aspect, the invention relates to a field emission emitter element comprising a 
bottom layer of a first emitter material and a top layer of a second emirrer material, 
optionally with other layers between the bottom and top layers, wherein at least one of the 
first and second emitter materials is chromium oxide (Cr203). 

The use of chromium oxide (Cr203) as a material of construction for a field emission 
emitter element constitutes a highly unobvious aspect of the invention, since such material 
would logically be rejected as a candidate material of construction for eniicter elements 
based on the high work function characteristic of such oxide material, as well as the high 
resistivity of such material. 

Despite these ostensibly disfavorable characteristics, it has been surprisingly and 
unexpectedly discovered that such material is very effective as an emitter material of 
construction. Although chromium oxide (Cr?Q3) has a poor work function characteristic, 
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and is La fact is used in many microelectronics applications for stopping electrons or 
otherwise attenuating electron 3ux„ it has been found that such oxide is highly processable 
to form very low radius of curvature tip conformations, and that such sharp tip geometry 
can overcome the otherwise severely disadvantageous high work function characteristic of 
the material. Thus, a sharp tip may be formed of a chromium oxide (CnOj) layer of an 

emitter element and such sharp tip in fact provides a higher emissivity characteristic than 
low work function materials. In fact, chromium oxide (C0O3) tips may be formed or 

sharpened to provide rips with a low (Angstrom- size) radius of curvature providing very 
high electron emissivity character. Thus, the chromium oxide (CrjOj) material may be 

used as a material of construction for one or more than one of the layers in emitter tips of a 
multilayer type, e.g., the bi-layer emitter tip schematically shown in Figure 1 hereof, as 
hereinafter more fully described, as a material for either the top or bottom layer in such 
composite structure. 

The chromium oxide (Cr20s) material in such application as an emitter element material of 
construction, thus conformationally overcomes the highly disadvantageous work function 
characteristic, and the emitter element formed in part of such material is able to take 
advantage of the other favorable characteristics of chromium oxide (CnOj). For example, 
chromium oxide (Cr203) has good conductive properties and good stress characteristics, 
as well as being highly passivating and non-reactive in nature. 

More senerallv, field emitter devices of the invention mav coraorise a substrate formed for 
example of glass* Mylar, ceramic or any other suitable material. On the substrate is a 
conductor layer, which may be formed of conductive metal such as aluminum, silver, 
chromium, etc. The conductor layer is coupled in electron emission-stimulating relationship 
with an array of emitter elements so that when the conductor layer is energized, via circuit 
forming connection with a power source, the emitter elements arrayed across the surface in 
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the device will emir electrons at the upper tip extremities. The emitter eiemencs in the amy 
are arranged in holes or wells defined by an insulator layer, which may be formed for 
example of SiO, StO^ poiyimide, or other suitable insulation material. The emitter 
elements are in spaced relationship to a phosphor or anode plate, which in impact by 
electrons emitted by the field emitter elements, produce illumination. 

An emitter structure comprising 2 or more sequential layers of can be used to minimize 
stress and cracking of the gate prior to liftoff of the excess emitter material, while still 
providing a highly emissive sharp emitter tip. This is distinctively different from a coated 
emitter tip In that a substantial portion of the upper pan of the emitter is built from the low 
work function emitter material, and therefore the emitter is less susceptible to ion 
bombardment. The upper portion is also shaped into a sharp point rather than the blunting 
as would occur when sharp rips are coated. 

During the portion of the process where the emitter material is evaporated, an initial layer of 
a ductile, but low surface mobility material is evaporated. Example bottom ls.yer materials 
are pure tantalum, molybdenum, and gold, although less ductile materials can oe used such 
as silicon if the evaporation is performed slowly to minimize stress (e.g., 0.3nm/min). This 
material must withstand the liftoff process and 450 degree C sealing processes in air 
without significant loss of shape of adhesion. This relieves the stress from the deposition 
and therefore minimizes the possibility of gate cracking. Such construction differs from the 
shallow angle release layer used in prior art emitter fabrication techniques, in that the layer 
employed in the practice of the present invention is not a release layer, but a permanent pan 
of the emitter structure. A second layer is then deposited of a low work function material 
with a high surface sticking coefficient during evaporation. Examples of suitable materials 
for the low work function material layer are Cr 3 Si, Cr 3 St : , CrSij, Nb 3 Si : , Nb, and SiC. 
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This low work function materiai also must withstand the liftoff process and 450 degree C 
sealing processes in air without significant loss of shape or adhesion. 

The materials are optionally and preferably oxidized co prepare che surface for low work 
function emission and contamination inseosiriviry. 

FIGURE 1 is a schematic side elevational section view of an eminer 10 according to one 
embodiment of the present invention, comprising an eminer including bottom materiai layer 
14 and top low work function materiai layer 16, with the emitter being formed on the 
substrate 12. Adjacent the emitter 10 is another emitter comprising a bottom layer 15 of 
generally frustoconical shape, and an overlying top layer 17, of an alternative 
conformation. 

FIGURE 2 is a schematic side elevational section view of an emitter 20 according to 
another embodiment of the present invention, comprising an emitter including bottom 
material layer 24, intermediate dielectric layer 26, and top low work function material layer 
28, with the emitter being formed on the substrate 22. Adjacent such emitter is another 
eminer element, comprising bottom layer 25 of generally frustoconical shape, an 
intermediate layer 27 of generally frustoconical shape, and cop layer 29 of generally conical 
shape, as shown. 

FIGURE 3 is a schematic elevational view of a portion of a flat panel display device 50 
utilizing a composite emitter structure of che present invention. As shown, the device 50 
comprises a substrate cathode plate 52 having formed thereon a composite emitter 54 of che 
present invention. The composite emitter 54 comprises a lower layer 56 of a Srst material 
of construction, and an upper layer 58 of a second materiai of construction. Tne eminer 54 
is surrounded bv a dielectric layer defining therein a cavity 60 surrounding the eminer 54 as 
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shown. On the dielectric layer is a gate elecnrcde 62. The emitter 54 may be constructed 
with an addressable x- y grid (not shown) in relationship thereto, for imposing a voltage of 
appropriate magnitude on the emitter element for emission of electrons. The cathode plate 
52 is arranged in spaced relation to an anode plate 64, with the anode plate comprising 
electroluminescent elements 66 which when impinged on by electrons frcm the emitter 
element arranged in register therewith, produces an illumination event at the specific pixel 
or region of the anode plate. 

A forming gas treatment (e.g., plasma or >350 deg C 10%H 2 in N 2 treatmen:) can be used 
in the fabrication of the emitter structure of the invention, after the oxidation to partially 
reduce unstable surface oxides and optimize the surface structure, although care should be 
taken to not remove the primary surface oxides. 

A preferred version of the above structure may be built using a insulator of leaky dielectric 
as the base material, while still using the top surface electron emissive coating. This novel 
type device may be used to further limit current at the emitter by restricting electron current 
to a thin outer conductive or partially conductive wall. The bottom layer may be built from 
SiO with a 10-60% Cr content, by weight based on the weight of SiO. The top layer may 
comprise SiO+50-90% Cr, on the same SiO weight basis. A third stress relief layer with 
improved contact resistance may be used under the dielectric layer (e.g., 100 nm Ta or 
Mo). 

While the invention has been described herein, with reference to various illustrative 
features, aspects, and embodiments, it will be recognized that the invention is susceptible 
of numerous variations, modifications and other embodiments, and the invention therefore 
is to be broadly construed, as encompassing all such variations, modiiications and 
alternative embodiments, within its spirit and scope. 
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THE CLAIMS 



1. A field emitter element comprising a bottom layer of emitter material, and a top 
layer of low work function emitter material. 

2. A field emitter element according to daim 1, wherein the low work function top 
layer is in contiguous relation to the bottom layer. 

3. A field emitter element according to claim 1, wherein the low work function 
material top layer is separated from the bottom layer of material by an interposed dielectric 
layer therebetween. 

4. A field eminer element according to claim 1, wherein the low work function top 
layer is shaped to a sharp point, 

5. A field emitter element according :o claim 1, wherein the low work function top 
layer is significandy thicker in the vertical direction at the central a-xis of the emitter, at the 
upper dp portion of the eminer, than it is at lower sections of the low work function 
material top layer. 

6. Afield emitter element according to claim 1, wherein the bottom layer is formed 
of a material selected from the group consisting of tantalum, molybdenum, gold, and 
silicon. 
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7. A5eid emitter element according to claim 1, wherein the top layer is formed of a 
material selected from the group consisting of Cr 3 Su Cr 3 Si:>, CrSn, Nb 3 Si^ Nb, Cr^Os 

and SiC 



8- A field emitter element comprising a bottom layer of a first emitter material and a 
top layer of a second emitter material, optionally with other layers between the bottom and 
top layers, wherein at least one of the first and second emitter materials is chromium oxide 
(Cr20 3 ). 



9. A field emitter element according to claim 8, wherein one of said fiisr and second 
emitter materials is a material selected from the group consisting of tantalum, molybdenum, 
gold, and silicon 

10. A field emitter structure including a field emitter element comprising a bottom 
layer of a first emitter material and a top layer of a second emitter material, optionally with 
other layers between the bottom and top layers, wherein the first emitter material is an 
insulator of leaky dielectric. 

11. A field emitter structure according to claim 10, wherein the first emitter material 
is SiO with a 10-60% Cr content by weight, based on the weight of the SiO, and the 
second emitter material is SiO+50-90% Cr, based on the weight of SiO. 

12. A field emitter structure according to claim 10, further comprising a stress relief 
layer under the bottom layer of first emitter material. 

13. A field emitter structure according to claim 12. wherein the stress relief layer is 
formed of a material selected from the group consisting of tantalum and molybdenum. 
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FIG. 1 




FIG. 2 




FIG. 3 
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